that science per se is morally neutral and that it is only the applications of science, as determined by those with political or economic power, that can have socially negative consequences. While logically impeccable this defence is not really ade quate. One might as well argue that the arms dealer is not really responsible for the lethal use to which his weapons are ultimately put.
Scientists with a more developed conscience do, I think, recognize that, as the ultimate masters of the genie in the bottle, they have a responsibility to inform, warn and advise on the uses of science. Moreover to be effective this may involve scientists, and scientific organizations, in participating actively in public debate and in the political process. Let me try to elaborate what this implies.
If we look back at the 20th century, which is now drawing to a close, we can see that it was dominated by the two World Wars and the extended Cold War that succeeded them. Besides the tragedy of human suffering, vast resources, much o f it science-based, were expended on armaments. In particular, large parts of the world diverted resources which they could ill afford for the purchase of expensive high-technology weaponry provided by the more scientifically-advanced countries.
Fortunately a nuclear holocaust has so far been avoided and with the end o f the Cold War this threat is receding rapidly, though the safe dismantling of the nuclear arsenals will take time and require careful monitoring. The scientific community has a part to play in all this and I would like at this stage to pay tribute to those scientists, including Fellows of the Society, who through the Pugwash movement and other bodies have helped over many difficult years to introduce a measure of sanity into an otherwise insane process.
Just as the nuclear shadow is passing, it is in danger of being replaced by the more diffuse but no less devastating threat of chemical and biological warfare. This threat is much more difficult to monitor and control.
Large expensive installations are not necessary and it is hard to distinguish between laboratories designed for civilian or military research. The basic scientific information will inevitably spread, and it is only a matter of time before the potential for chemical and biological warfare is widely available. Strict security on sensitive information may provide a breathing space, but it cannot be relied on in the long run. The only real security lies in resolving the underlying causes of conflict and in establishing the appropriate political structures. We have perhaps a few decades in which to tackle these fundamental problems.
While weapons of mass annihilation are the major threat, conventional modem weapons are nasty enough and it is depressing to see that, even as the Cold War ends and signs of sanity appear in some of the world's trouble-spots, the arms trade seems to be as active as ever. As long as scarce resources are lavished on extravagant military hardware the real economic and political problems of the world will continue to fester.
So, to move away from the military arena, what are the real economic and political problems of the world and how does science impinge on them? In brief they can be described as the three p 's: population, poverty, pollution. They are all affected in one way or another by science, which can appear as either hero or villain. The world population explosion has been a familiar problem now for many years but repetition leads in due course to boredom, and population has been replaced in the public perception by some of our newer environmental problems. Nevertheless, it cannot be stressed too often that the continuing rapid growth in world population is, and will remain for many years to come, the most important and difficult of our problems. Science has, through medical advances, been the main cause of population growth and through new methods of birth control it has simultaneously provided a possible solution. Clearly scientists cannot evade their responsibilities in this vital area.
Poverty is linked with population in a complex symbiosis. Raising the standards of living is in the long run the most effective way of stabilizing the population, but population growth can perpetuate a state of poverty. Obviously economic develop ment based on science and technology can help to eliminate poverty, and this has been the traditional route of scientific 'progress'. For example, the Green revolution was a remarkable success in increasing food supplies, but unfortunately its benefits were largely swallowed up in population growth.
Another obstacle lies in our third 'p ', pollution, which I shall interpret here to mean the negative effect of human activities on the environment. This includes the dissemination of undesirable chemicals (for example CFCs or DDT) as well as the depletion of natural resources (forests, fossil fuels, minerals). It is now recognized that pollution puts certain constraints on economic development and therefore on our ability to relieve poverty. Moreover, population growth inevitably increases pollution, so that all three p 's are tied together.
Pollution clearly involves scientific problems and one of the most important contributions of the scientific community is to diagnose, analyze and propose solutions to the various forms of pollution.
This brief review of the fundamental problems facing mankind hardly contains anything new. All these issues were extensively aired at the Earth Summit in Rio de Janeiro, earlier in the year, and the tentative first steps taken there are surely to be welcomed. My purpose in rehearsing this familiar story here is to emphasize the scientific dimension and to bring home the responsibility of the scientific com munity.
Clearly the problems are all mainly political and their resolution will require political decisions across a very broad front. The question for us is how the scientific community, world wide, can and should interact with the political process. In the first place, we should try to raise the level of the debate, emphasizing that working towards a stable, equitable and sustainable future for mankind on this planet is the central problem for all of us. We need a vision of what we are aiming for, and what the time-scales are. What is an acceptable and realistic picture of the world in the year 2050?
In economic terms, how much growth and what kind of growth is possible and desirable? How will this be distributed around the globe? How are we to measure that elusive entity 'the quality of life'?
To put things in these terms is to realize how far removed these ideals are from the normal bread and butter of domestic politics. While democracy has many virtues it undeniably encourages our political leaders to adopt short-term parochial policies. Similarly, the current emphasis on market forces may have its merits, but the laws of the market are not necessarily in harmony with the laws of nature. Doubling the size of our cosmetics industry might do wonders for the growth of the economy, and for the Minister in charge, but it would hardly qualify as a major benefit to mankind.
To affect political and economic decisions, scientists can talk directly to the Government o f the day, giving information and advice. But this by itself is inade quate. Democratic Governments are responsive to public opinion, and the scientific community must also help to shape public attitudes, if it wishes to affect national policy.
Over the past decades there has been a substantial growth of the environmental movement: green politics has entered the scene, particularly in Western Europe. Bodies such as Greenpeace and Friends of the Earth act as pressure groups, and aim to stir up public opinion on a variety of controversial issues. As such they perform a useful role and help to counterbalance the strong economic forces which govern our lives.
The scientific community has a part to play in such controversies. It should on the one hand see that the environmental pressure groups get their science right and do not exaggerate their case. On the other hand, it should work with industry to encourage the adoption of enlightened practice, based on the best scientific advice.
Against this general background what is the role of the Royal Society? In the first place we can, through our extensive links with academies in other countries, work on the international aspects of all these problems. For example we are, in conjunction with other academies, planning a major international scientific conference on population problems in Delhi in October 1993. This follows on from a joint statement on population issued by the Royal Society and the US National Academy of Sciences earlier this year.
On the national scene, the Royal Society aims to work closely with other bodies in offering advice to Government and to the public on science-related issues. We have joined forces for this purpose with the Royal Academy of Engineering, the British Academy and the Conference of Medical Royal Colleges. The collective expertise and wisdom of all our organizations can usefully be brought to bear on the complex issues which tie science to society.
It is, of course, vital that any involvement in producing reports and advice for Government does not prejudice our independence. Scientific integrity must be maintained, which means that we shall tell the truth as we see it even if it proves unpalatable or unpopular. Governments are naturally reluctant to offend powerful economic forces and may wish to disguise the facts and postpone action. The battle with the tobacco industry is a case in point, where all Governments have prevaricated as far as possible in the face of overwhelming scientific evidence. Finally, the Royal Society will continue to play an active part in educating and informing the public on the important scientific issues of our time. Here we cooperate with many other bodies and people with similar aims, notably the British Association for the Ad vancement of Science. In this context I share Sir David Attenborough's concerns about the future of science broadcasting and hope that those concerned will reflect carefully on their responsibilities. In describing what the Royal Society should do, it is also important to spell out what it should not do. It should not, for example, act as a Trade Union for scientists, trying to improve our material conditions. Nor should it be a propaganda machine for science, claiming that scientists can do no wrong; occasionally we make mistakes, frequently we do not know the answer, and humility, in the face of the unknown, is a scientific as well as a Christian virtue. Finally, we should not act as a branch of industry or of the Department of Trade and Industry: we are in favour of putting science to good use, but some uses are better than others.
Putting science to productive economic use is, of course, a major concern of Government, and is one of the reasons for the re-organization leading to the new Office of Science and Technology. The Royal Society in the report of its Science Inquiry, published in October, has already welcomed these changes and has gone on to offer further advice to William Waldegrave. As it happens, today is the deadline set by Mr Waldegrave for a response to the broad questions he has posed to the scientific community. As a final contribution to this response, can I caution against any drastic attempt to improve British science by trying to make it more directly relevant to the needs of British industry. Despite all our difficulties we have, in many fields, succeeded in maintaining our high international standing in research. With careful nurturing we may hope to keep this position, and provide the scientific base which can be exploited by our engineers and industrialists. There are many reasons why our economic performance has persistently lagged behind that of other coun tries but the financial framework leading to under-investment in research and development must take the major blame. Turning our research scientists into business entrepreneurs is not the solution: it is neither desirable nor feasible. Those who have been attracted by the scientific ethos are likely to be reluctant and incompetent recruits to the market place.
While dealing with our relations with Government, I am pleased to report on two positive developments. First, there was the welcome, if overdue decision of the Government to release the transcripts of the conversations between leading German scientists interned at Farm Hall at the end of the war. Fellows of the Society had been urging this move for many years, and I was happy to have supported them in their final successful appeal. Besides its intrinsic interest, this move towards a more open attitude on the part of our authorities is a healthy one, and I am encouraged by recent statements of Government intentions. Secrecy is inimical to the scientific spirit, and freedom of information should not be surrendered lightly.
The second positive move by the Government has been the allocation of a significant sum of money for the assistance of science and scientists in the former Soviet Union and the strengthening of scientific links with this country. This decision arose in response to the report on Soviet Science produced, for the Prime Minister, by the Royal Society. Amid all the traumatic political and economic upheavals in Eastern Europe, it is vital for the future that the scientific base is not allowed to collapse. Many countries and organizations in the West are aware of the danger and endeavouring to assist. I am glad that the U.K. is making its contribution.
Another part of the world where major economic changes are taking place is China, and in April of this year, accompanied by Anne McLaren, I led a Royal Society delegation to China and Hong Kong. Despite the continuing tight political control, which we naturally deplore, scientists in China are keen to strengthen their links with the international scientific community. In Hong Kong, where, of course, we have traditional scientific and educational links, we were impressed by the increasing emphasis being placed on science and technology.
Award of Medals, 1992
The COPLEY MEDAL is awarded to GEORGE PORTER, Professor and Chair man of the Centre for Photomolecular Sciences at Imperial College, London, in recognition of his contributions to fundamental understanding of fast photochemical and photophysical processes and their roles in chemistry and biology. Lord Porter's first major contribution was the development, with Norrish, of flash photolysis, by which short intense flashes of light are used to initiate chemical reactions which are then recorded and analysed spectroscopically. Some of Lord Porter's early studies concerned the chlorine oxide radical, recently shown to be of vital importance in understanding the role of CFCs in depleting the ozone layer. He later developed flash photolysis to study reactions on even shorter timescales. This led to seminal results relating to the transfer of energy involved in photosynthesis. His work also led to greater understanding of artificial methods of solar energy conversion.
The RUMFORD MEDAL is awarded to NEVILLE TEMPERLEY, Emeritus Professor of Applied Mathematics in the University of Wales, in recognition of his wide-ranging and imaginative contributions to applied mathematics and statistical physics, especially in the physical properties of liquids and the development of the Temperley-Lieb algebra.
Ever since the war Temperley has been a pioneer in statistical mechanics as a serious mathematical and theoretical science. He was one of the first in Britain to recognize the meaning and opportunities of earlier work by Onsager, and to build on it constructively. He is especially renowned for his work with Lieb, applying algebraic and combinatorial methods to the theory of lattice statistical models. Initially concerned with percolation and colouring problems, the work led to the Temperley-Lieb algebra now used extensively in work in quantum groups and knot theory and at the heart of modem research on integrable systems.
A ROYAL MEDAL is awarded to SIMON DONALDSON, Wallis Professor of Mathematics in the University of Oxford, distinguished for his work which has revolutionized our understanding of four-dimensional geometry.
Introducing ideas from theoretical physics, Professor Donaldson has developed exceptionally powerful and subtle tools which have uncovered and illuminated remarkable new phenomena in four dimensions. His work is undoubtedly one of the mathematical highlights of the last decades of the twentieth century and has put British mathematics in a leading position world wide. His work combines a magni ficent blend of strikingly original concepts and highly professional technical skills, encompassing a wide range of fields. These include algebraic and differential geometry, topology, partial differential equations and related parts of theoretical physics.
A ROYAL MEDAL is awarded to ANTHONY EPSTEIN, Emeritus Professor of Pathology in the University of Bristol, distinguished for discoveries which helped to stimulate the vast research efforts on the viral aetiology of human cancers.
Sir Anthony's work on the Rous sarcoma led him to the first morphological quantification of the Rous virus and subsequently to nucleic acid composition of various viruses. His studies on Burkitt's lymphoma, during which he developed the first long-term culture of human lymphoid cells, led to the discovery of a herpes-type virus -the Epstein-Barr virus. In subsequent studies on the behaviour of the Epstein-Barr virus its carcinogenicity was established, the first discovery of an association between a virus infection and a human cancer. Isolation of the EpsteinBarr virus has shown its relationship also to nasopharyngeal carcinoma.
A ROYAL MEDAL is awarded to DAVID TABOR, Emeritus Professor of Physics in the University of Cambridge, distinguished for his seminal contributions to the basic study of friction and wear between solids.
Professor Tabor's research concerned the mechanical and physical aspects of moving parts in contact. His original work, done in the 1950s, was the first to bring a structure and understanding to this important area of physics. He published with F.P. Bowden a key book -The Friction and Lubrication o f Solids', it is demonstra tive of its significance that the book has recently been reissued. His work led directly to the birth of modern surface physics which focuses upon the atomic structure of solid surfaces. It has substantial impact in mechanical engineering where the study of phenomena attendant upon the contact of moving parts plays a major role.
The DAVY MEDAL is awarded to ALAN CARRINGTON, Royal Society Research Professor at the University of Southampton, distinguished for the deter mination and characterization of the molecular spectra of transient species.
Professor Carrington's initial work was in the area of electron spin resonance of larger molecules in condensed phases. He then turned his attention to small mole cules in the gas phase, where his work between 1966 and 1975 on magnetic resonance spectra greatly advanced our understanding of many important free radicals. Since 1975 he has concentrated on the gas-phase laser spectroscopy of molecular ions, combining the techniques of mass spectrometry and molecular spectrometry. He has obtained spectra for numerous radicals and achieved the first high-resolution studies of molecular behaviour near dissociation limits.
The DARWIN MEDAL is awarded to MOTOO KIMURA, Emeritus Professor in the National Institute of Genetics, Mishima, Japan, distinguished for his work on molecular evolution, in particular on the role of stochastic events in determining the rate of evolution.
Professor Kimura has been one of the outstanding contributors to the theory of population genetics over the past 20 years. His theoretical work has encompassed many areas, including one of the first substantial analyses of the interaction between selection and linkage, major developments in the theory of stochastic processes to explain how random variation affects the evolutionary process, and the behaviour of sub-divided populations interconnected by migration. Following S. W right's emphasis on the role of random variation in the evolutionary process, Professor Kimura has investigated in great depth and elegance the extent to which data on amino-acid and nucleotide substitutions during evolution could be explained by random variation without natural selection.
The BUCHANAN MEDAL is awarded to DENIS BURKITT, formerly Member of the External Scientific Staff of the Medical Research Council, distinguished for his discovery of a lymphoma which bears his name. In 1958, Dr Burkitt first reported a previously unidentified tumour of the jaw in African children. The tumour was common in children under the age of 10, did not respond to surgery and, until his report on its susceptibility to chemotherapy, was invariably fatal. Dr Burkitt mapped the distribution of the disease and showed that its frequency was limited by altitude, rainfall and mean temperature range, which led him to speculate on the role of insect vectors in its spread. Work with colleagues in East Africa suggested a virus aetiology, and the herpes-like Epstein-Barr virus was found to be invariably associ ated with the disease, chronic malaria being a co-factor. His work has stimulated world-wide studies on the variable geographic frequencies of cancer.
The HUGHES MEDAL is awarded to MICHAEL SEATON, Emeritus Professor of Physics at University College London, distinguished for his theoretical research in atomic physics, and leadership of the Opacity Project.
Professor Seaton laid the foundations of all subsequent work on electron-atom and electron-ion collisions with a classic paper in 1953, and his work on Quantum Defect Theory is now central to the analysis of all electron and photon collisions with atoms, ions and molecules. The impact of this work has been enormous, especially in relation to the physics of the upper atmosphere and astrophysics. He was the first to recognize the importance of proton impact excitation in astrophysical plasmas and his studies of planetary nebulae are models of scholarly research.
A few years ago he initiated and is now directing a massive international effort to calculate opacities of stellar envelopes.
The MULLARD MEDAL is awarded to ERNEST SHANNON, for the develop ment and world-wide exploitation of a magnetic system for the inspection of high-pressure pipelines while still in service.
The system detects, accurately describes and locates metal corrosion from the inside and outside surfaces of pipe walls. It consists of a self-contained, instrumented vehicle train that runs inside the pipeline. The technique is used for routine inspection of British Gas pipelines both on and off-shore, leading to substantial cost savings. Similar benefits are likely to accrue to other UK and overseas clients of the inspection service, now provided by British Gas on a world-wide basis.
The ESSO ENERGY AWARD is made to PAUL-HENRI REBUT, MARTIN KEILHACKER, ALAN GIBSON and MICHEL HUGUET for the Joint European Torus (JET) Project and its role in the development of nuclear fusion as a potential new major energy source.
The JET Project is a major experiment in a European programme to develop a large, new energy source -terrestrial nuclear fusion -which, if successful, will replace non-renewable energy sources for electricity generation. This could yield about 2 billion tonnes of oil equivalent per annum world wide.
The project attracted national attention in November 1991 when the first substan tial and sustained controlled release of nuclear fusion power was achieved for 1 to 2 seconds.
The MICHAEL FARADAY AWARD for the furtherance o f the public under standing of science is made to RICHARD GREGORY, Emeritus Professor of Neuro-Psychology at the University of Bristol, for his many popular books and his creation of the Bristol Exploratory.
Professor Gregory's general and professional books are both scholarly and accessible to the layman. His Royal Institution Christmas Lectures in 1969 were one of the earliest series to be televised, and set a standard for many of those that have followed. He has also made important contributions to the British Association for the Advancement of Science, and has served on COPUS.
But his most outstanding achievement was the creation of the Exploratory. This is unique in Britain, and Professor Gregory was involved in the conception and design o f almost all the 200 exhibits. Each exhibit captures some remarkable scientific phenomenon, illustrates it in the most exciting way and encourages the observers to participate in its rediscovery.
The WELLCOME FOUNDATION PRIZE has been awarded to PAUL NURSE, Royal Society Napier Research Professor at the Department of Biochemistry, University o f Oxford, in recognition of his seminal contributions to the under standing of the molecular basis of regulation of the eukaryotic cell cycle.
Professor Nurse cloned and characterized the gene that is centrally involved in the commitment of cells to DNA synthesis and demonstrated that it is both structu rally and functionally conserved from yeast to man.
